Abstract: The use of gas chromatography-mass spectrometry (GC-MS) in forensic analysis is increasing. To exploit fully the capabilities of MS, labeled standards, that can be used to improve the performance of the quantitative analysis, and to increase accuracy and precision, are required. A series of deuterated internal standards, corresponding to the 2C-series of phenethylamine derivatives, including 4-bromo-2,5-dimethoxyphenethylamine-d 6 (2C-B), 4-chloro-2,5-dimethoxyphenethylamine-d 6 (2C-C), 4-iodo-2,5-dimethoxy-phenethylamine-d 6 (2C-I), 4-ethylthio-2,5-dimethoxy-phenethylamine-d 6 (2C-T-2) and 2,5-dimethoxy-4-n-propylthiophenethylamine-d 6 (2C-T-7), were synthesized. These deuterated compounds were used to analyze for the corresponding unlabeled compounds in urine. The analysis was performed using GC-MS, with the selected ion monitoring (SIM) technique, whereby good results were achieved.
INTRODUCTION
The increased availability of the 2C-series of phenethylamine derivatives on the illicit market has become a serious social problem. 1 Shulgin et al., in their publication, Phenethylamines I have Known and Loved (PiHKAL), documented 179 phenethylamine derivatives, including 3,4-methylenedioxymethamphetamine (MDMA), mescaline, 2C-B, 2C-C, 2C-I, 2C-T-2 and 2C-T-7. They also descrybed relevant synthetic procedures. 2 Phenethylamine derivatives are increasingly abused psychoactive drugs, the abuse of which is well documented. [3] [4] [5] [6] [7] [8] The series of homologous designer drugs continues to be explored and their widespread consumption has led to increasing number of reports of abuse and intoxication. The abuse of psychoactive drugs from the phenylethylamine and phenylisopropylamine groups has become a very serious social problem in Taiwan over the last decade. [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] Unknown drugs are typically detected and identified by gas chromatography-mass spectrometry (GC-MS) because this approach is highly sensitive and can separate organic compounds in complex mixtures. [23] [24] [25] [26] The compounds are often derivatized on the amine to yield more specific fragmentation information. This process seriously influences the ability to detect novel amphetamine controlled substance analogs. 27, 28 Many studies have addressed the preparation of deuterium-labeled control drugs as internal standards for GC-MS analysis. [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] [39] The synthetic routes to 2C-C-d 6 , 2C-B-d 6 , 2C-I-d 6 , 2C-T-2-d 6 and 2C-T-7-d 6 have been described elsewhere. 31 The present investigation explores the applications of 2C-C-d 6 , 2C-B-d 6 , 2C-I-d 6 , 2C-T-2-d 6 and 2C-T-7-d 6 as internal standards.
EXPERIMENTAL

Reagents
Methanol and ethyl acetate (EA) were purchased from Mallinckrodt (Paris, KY, USA). Trifluoroacetic anhydride was purchased from Fluka (Buchs, Switzerland). Stock solutions of the analytes (100 µg mL -1 ) were prepared in methanol. Subsequent working solutions of calibration samples were prepared by diluting the stock solutions with blank urine. An 
Procedure
Blank urine samples, which had been collected from volunteer laboratory personnel, were used for the development of the method. Blank urine samples were spiked with appropriate amounts of analytes at concentrations of 0, 50, 100, 500, 1000 and 2000 ng mL -1 to prepare calibration curves. Samples were maintained in the refrigerator at 4 °C until analysis.
Instrumentation
A Hewlett Packard 6890 gas chromatograph was coupled to a Hewlett Packard 5973 quadrupole mass spectrometer under EI conditions. Injection was performed in the splitless mode. The flow rate of the carrier gas (He) was 0.60 mL min -1 . An HP-5MS column (12.5 m×0.20 mm ID, 0.33 µm film thickness; Agilent Technologies, Palo Alto, CA, USA) was used. The injection port temperature was maintained at 250 °C. The GC oven temperature program started at 70 °C, which was maintained for 0.5 min, and then increased at 30 °C min -1 to 255 °C, which was maintained for 0.5 min. One µL was injected for GC-MS analysis in the full scan monitoring mode. The total analysis time was 12 min per sample with a solvent delay of 3.0 min. The transfer line temperature and MS source temperature were 280 and 230 °C, respectively. The electron energy of the MS was set to 70 eV. Full scan mass spectra of analytes and their deuterium analogs were collected in the m/z range 50-450 at a scan rate of 3.62 scan/s. The data were collected using Hewlett-Packard ChemStation software.
Sample preparation
To a clean 12-mL screw-cap glass tube was added 2.0 mL of urine sample and 50 µL of IS solution. The mixture was alkalinized with 2.0 mL of 1.0 M NaOH, and extracted with 3.0 mL of EA after vortexing and subsequent centrifugation at 3000 rpm for 5 min. The organic layer was carefully transferred to a clean tube. The mixture was evaporated to dryness under a stream of nitrogen gas at 50-60 °C. The dried extract was dissolved in 50 µL of EA and derivatized with 50 µL of trifluoroacetic anhydride for 30 min at 60 °C. The samples were then cooled to room temperature, evaporated to dryness, and reconstituted with 50 µL of EA. One µL was injected for GC-MS analysis.
RESULTS AND DISCUSSION
The total ion current chromatogram (monitored in the full scan mode) of five phenethylamine designer drugs and four structurally related sympathomimetic ami- The EI mass spectrum of 2C-B-d 6 -TFA (Fig. 3) The EI mass spectrum of 2C-T-2-d 6 -TFA (Fig. 6) The extraction and derivatization were performed using ethyl acetate as solvent. Due to the need to heat for derivatization, a solvent with boiling point above 60 °C was selected. The boiling point of ethyl acetate is 77 °C. The derivatization time (30 min) and temperature (60 °C) were selected, because these derivatization conditions are well established. 16 The linearity of the quantification method was determined using calibration standards at 0, 50, 100, 500, 1000, 2000 ng of analyte. The selected ion monitoring (SIM) mode was employed throughout the study. Linear regression of the Table II , from which it can be seen that the calibration curves for the studied compounds gave excellent straight lines over the range of 0-2000 ng mL -1 . Thus, excellent accuracy and precision could be obtained by this method. Table II 
